There is a lot of debris in space. There are currently about 15,000 individual pieces of space debris that can be observed from the earth, with a likely even greater number existing with a size less than 10cm, the limiting size of earth-based observations. Fears exist that as space debris continues to increase, the Kessler Syndrome will occur, eventually preventing any form of spaceflight. The purpose of this research is to remove the debris to prevent such a situation from happening. For the first time, it is proposed to bias voltage on net electrodes, as the space debris will be charged by the plasma interaction. The charged debris will then be slowed by the electric field surrounding the net electrodes, causing the debris to re-enter the atmosphere. In this research, a 100μm copper powder is used, followed by 2mm Ellenpall. This presentation addresses how much the debris is charged and how far the debris is shifted by the electric field. 
Introduction
Approximately fifty years has passed since the launch of the first manned satellite "Sputnik 1". As the development of space technology, the number of satellites being launched increases. Unfortunately, more space debris is produced in space in the mean time. According to a database compiled by NASA, there are currently about 15,000 individual pieces of space debris with the size of over 10 cm. Furthermore, the number of all the space debris is approaching trillions. The space debris may lead to anomalies for satellites. It is assumed that the debris is made of aluminum with the size of 1 mm. The energy of a debris collided with a satellite is equal to a car collision energy, which has the weight of 1 t and the speed of 40 km/h. Thus the debris with the size smaller than 10 cm also has enough threat to the satellites.
The threat of the debris is increasing with the increase of the number of the debris. If the number of the debris reaches a critical level, the phenomenon that called "Kessler Syndrome" would occur. New debris with self-propagation would occur when a debris collides another debris. If the self-propagation occurs, the debris will increase like domino. "Kessler Syndrome" can be avoided only by means of removing the debris artificially.
A debris removal method is researched all over the world. In JAXA debris removal method used electrodynamic tethers(EDTs) 2) that are long conducting wires was formulated. This method targets at large debris. However, the effective method for small debris below 1cm in diameter has not been developed yet. Therefore, we developed a debris removal method using the interaction between the biased voltage and plasma environment in space. The purpose of this research is that the small debris is charged negatively using plasma environment in space and the charged debris is decelerated by electric field. Dropped the altitude, the debris can burn up in the atmosphere. This research pays attention to the debris under 10 cm. Removing the under 10 cm debris actively can control "Kessler Syndrome".
Principle of Debris Removing
A very large net electrode is spread and biased positively in space. Then, a negative sheath can be formed by the interaction between the net electrode and plasma environment.
When a debris approaches the net electrode, it is charged negatively by the sheath surrounding the electrode. The kinetic energy of the debris passing through the net electrode is decreased by the electric field around the electrode. Consequently, the altitude of the debris will be dropped and burnt up in the atmosphere. Schematic of debris deceleration is shown in Fig. 1. Fig. 2 shows that the altitude of the debris is dropped and burnt up in the atmosphere when it passes through the net electrode. If the net electrode is biased positively in the plasma environment, the net will interact with the plasma. As the net is biased positively, the balance of the electrons and ions is disrupted. Then, the electrons is attached the net, and the ions is pulled away by the electric field. Therefore, the electrons dominant around the net and a negative sheath is formed. If a debris approaches the net, there is a differential potential between the surface of the debris and the plasma potential.
The potential of the debris is determined by the total income and outcome current. As the surface potential of the debris is negative compared with the space potential surrounding the electrode, the debris is charged a bit negatively. When the debris passes through the net electrode, the electric field will decelerate the debris. Finally, the debris will be burnt up in the atmosphere.
The net current of the debris is shown in Eq. (1).
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Where, is charge density on the surface of the debris, and
A is the surface area. I fromsurface is outcome current, I tosurface is outcome current and I net is net current. The current on the surface of the debris has a relationship as shown in Eq. (2).
(2) The floating potential is determined by the equilibrium of the current, I net =0.
The following equation is Gauss's theorem.
We can calculate the electric field from Eq. (3).
We assume that the reference is ideal point and the radius of the debris is a. We obtain the potential by integrating Eq. (4). (5) Where, V is the difference between the floating potential and the space potential. Therefore, the condenser capacity of the debris can be calculated.
The energy can be calculated by Eq. (7).
As the space potential is bigger than the floating potential, the debris is charged negatively. Then the charges are obtained by Eq. (8).
(8) Where, V f id floating potential and V S is space potential. From Eq. (8), we can see that it is very impartant to reduce the floating potential to increase the charges on the debris.
Experimental Methodology

Floating potential
In this research, only the charged debris can be removed away from the orbit. Therefore, it is necessary to know the amount of charge. As shown in the Eq. (8), it is necessary to know the floating potential and the space potential. Fig. 3 shows the circuit of the floating potential test. The net electrode and the probe are settled as in Fig. 3 . The net electrode was biased positively, and the probe was connected with the metallic plate outside a chamber. The head of the probe was very fine (Fig. 4) . As the potential of the probe is equal to the metallic plate, the potential can be measured by the surface electrometer. The floating potential was measured with moving the probe every 1 cm from the net electrode. Table 1 shows the test environment when the floating potential was measured. The bias voltage of the net electrode was changed from 100 V to 300 V. The distance between the probe and the net electrode was changed from 0 cm to 6 cm. Figure 4 shows the distance was 0 cm. Figure 5 shows the result of the floating potential. The floating potential was around the range of ten volts. 
Space potential
The circuit of the measurement of the space potential is shown in Fig. 6 . The electrode was settled inside a chamber and emissive probe was settled near the net electrode. The space potentials were measured with moving the probe every 1 cm from the net electrode. Therefore, the space potential distribution can be measured.
The net was biased positively. The head of the emissive probe was made of tungsten. When a large current flew to the tungsten, the tungsten was glowed to generate thermal electrons. Another power supply was used to control the thermal electrons. When the voltage of the power supply controlled the thermal electrons was equal to the space potential, the current of the power supply to control the thermal electrons was zero. The space potential was obtained when the current became zero. Figure 7 shows the setting of the emissive probe around the net electrode. The Table 2 shows the test environment when the space potential wasd measured. The amount of charge of the bias voltage 150 V was bigger than 178 V, which is because of the abnormal current collection when the bias voltage was 178 V.
Confirmation test of the debris charge
In the plasma environment, the negative sheath can be formed surrounding the net electrode when the net is biased positively. The charged debris can be attached by the electric field. This test is to measure the force working on the debris. Figure 10 shows the setup of this test. The debris was strung out by fish line that is made of a very fine polyethylene. Figure 11 shows the sample of the debris. This is made of conductive foamed polyethylene polystyrene copolymerization resin. The diameter is 2-4 mm. In this research, the diameter of approximately 2 mm was used. Table 4 shows the displacement of the debris. Figure 12 shows the force between the net and the debris. The method of this result is shown Fig. 13 . 
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The measurements were carried out both in plasma environment and in non-plasma environment. The result in non-plasma environment showed that the force between the net and the debris did not work. It demonstrates that the force between the net electrode and the debris exists and the effect is the interaction between the net and plasma environment. Figure 13 shows the angle where the debris moved. Then the biased voltage was 300 V. 
The values between the Eq. (9) and the Eq. (11) were very close.
Conclusion
To estimate the amount of charge is very important for developing this debris removal system. To do so, it is necessary to measure the floating potential and the space potential. In present work, these parameters were measured.
And in the confirmation test of the debris charge, the force between the electrode and the debris was confirmed.
Therefore, we conclude that the principle of this method is correct as demonstrated above.
Future Tasks
Now, the debris moved by electric field can be demonstrated. Then the debris is fixed by a string. In fact, the debris is orbited surrounding the earth. Thus, we must do a perpendicular fall test to imitate the movement of debris. To remove the debris needs high-voltage. Thus, we must do research on the method of bias voltage.
